Introduction
Since the discovery by Ms. Leavitt almost a hundred years ago that Cepheid variables obey a tight relationship between their pulsation periods and absolute magnitudes, astronomers have made great efforts to calibrate this relationship, and use it to estimate the distances to nearby galaxies in which Cepheids were found. For a very nice review of the early history of the Cepheid period-luminosity (PL) relation, see Fernie ([17] ). With the course of time, the calibration of the PL relation was refined, using new methods and improving data for both Cepheids in our own Galaxy and Cepheids which were found in increasing numbers in Local Group galaxies. In particular, the Magellanic Clouds have played a fundamental role in our effort to calibrate the PL relation (and still do so today, as we will show in this review), mainly because they are just near enough to make Cepheid apparent magnitudes bright enough for accurate photometry with even small telescopes, and on the other hand distant enough to have them, in a good approximation, all at the same distance. The slope of the PL relations can thus be determined directly from a sample of LMC Cepheids in contrast to a sample of Galactic Cepheids where accurate individual distances, which are fundamentally difficult to determine, are needed. In the course of the decades, it became clear that the Cepheid PL relation is a very powerful method to determine extragalactic distances, and it was (and still is) generally considered as the most accurate and reliable stellar method to calibrate the extragalactic distance scale. For that reason, the HST Key Project on the Extragalactic Distance Scale chose the strategy to detect samples of Cepheids in a number of selected late-type galaxies and use them to measure the distances to these galaxies, which then served to calibrate other, more far-reaching methods of distance measurement to determine the Hubble constant in a region of constant Hubble flow. It is clear that we have gone a very long way from the early attempts to calibrate the PL relation, to the application of this technique to Cepheids in stellar systems as distant as 20 Mpc, as successfully done by the groups who have used the Hubble Space Telescope for this purpose.
In spite of all these successes, it has also become clear over the past decade that there are still a number of problems with the calibration of the PL relation which so far have prevented truly accurate distance determinations, to 5 percent or better, as needed for the cosmological, and many other astrophysical applications. One basic problem has been the notorious difficulty to measure accurate, independent distances to Galactic Cepheids needed for a calibration of the PL relation in our own Galaxy (see next section). The alternative approach, used many times, is to calibrate the PL relation in the LMC, but this requires an independent knowledge of the LMC distance whose determination has proven to be amazingly difficult (see the review of A.R. Walker in this volume). Another problem complicating the calibration of the PL relation is that Cepheids, as young stars, tend to lie in crowded and dusty regions in their host galaxies, making absorption corrections a critical issue. In more recent years, work on the PL relation has therefore increasingly shifted to the near-infrared where the problems with reddening are strongly reduced as compared to the optical spectral region. Another potential problem with the use of the Cepheid PL relation is its possible sensitivity to chemical abundances; if such a metallicity dependence exists and is significant, it has to be taken into account when comparing Cepheid populations in different galaxies which have different metallicities. Therefore, while there has been a lot of progress on the calibration of Cepheids as distance indicators over the years, there is still room (and need) for a substantial improvement. It is the purpose of this review to contribute such progress, and our approach is to combine Galactic and LMC Cepheids in the best possible way to derive both an improved absolute calibration of the PL relation in a number of optical and near-infrared photometric bands and, in a parallel step, derive an improved distance to the Large Magellanic Cloud from its Cepheid variables. One of the reasons why a PL calibration from Galactic Cepheid variables is of advantage as compared to a calibration based on LMC Cepheids alone is the fact that in most large spiral galaxies, and in particular in those targeted by the HST Key Project, the mean metallicities are quite close to solar, implying that metallicity-related systematic effects are minimized when comparing these extragalactic PL relations to the Galactic one, rather than to the one defined by the more metal-poor population of LMC Cepheids.
In a final step, we will test what our new Cepheid PL calibration implies for other stellar candles frequently used for distance work, such as RR Lyrae stars, red giant clump stars, and the tip of the red giant branch.
2 The Galactic vs. the LMC routes
The infrared surface brightness method
Fifteen years ago, the classical method of calibrating the PL relation for Cepheids was to use the ZAMS-fitting technique to determine the distances of a handful of open clusters which happen to contain Cepheid members (Feast & Walker [16] ). However, Hipparcos revealed that the distance of the calibrating cluster, the Pleiades, had to be revised substantially downwards, at a level where the distance difference between Hyades and Pleiades can no longer be explained only by metallicity differences. Therefore, some doubts were shed on the ZAMS-fitting technique, and it became necessary to find alternative techniques of similar accuracy. It is a measure of our progress to see that two such methods have emerged in the meantime.
The main alternative method, based on the classical ideas of Baade and Wesselink, and first implemented by Barnes & Evans ( [2] ) consists in combining linear diameter measurements, as obtained from radial velocity curve integration, to angular diameter determinations coming from measurements of magnitudes and surface brightness to derive the mean diameter and distance of a Cepheid. The surface brightness estimates come from a relation between this parameter and a suitably chosen colour.
In a comparison of the results of both methods, Gieren & Fouqué ([23] ) established that the Barnes-Evans zero point of the PL relation in the V band was 0.15 mag brighter than the ZAMS-fitting zero point. However, the BarnesEvans method uses the V − R colour index to estimate the surface brightness, and it was soon discovered that a much better estimate could come from infrared colours (Welch [61]; Laney & Stobie [38] ).
Encouraged by the very promising near-infrared results, Fouqué & Gieren ([20] ) calibrated the infrared surface brightness technique, using both J − K and V − K colours, by assuming that non-variable, stable giants and supergiants follow the same surface brightness vs. colour relation as the pulsating Cepheids. Using 23 stars with measured angular diameters, mostly from Michelson interferometry, they checked that the slope of the relation directly derived from Cepheids was consistent, within very small uncertainties, with the slope derived from stable stars. This provided confidence to also adopt the zero point from the giants and supergiants. They recalibrated the Barnes-Evans relation and showed that the accuracy of the infrared method for deriving the distances and radii of individual Cepheids was 5 to 10 times better than the results produced by an application of the optical counterpart of the technique. As in the optical surface brightness technique, a very important feature and advantage of the infrared surface brightness method is its very low, and almost negligible dependence on absorption corrections.
At that time, only one Cepheid (ζ Gem) angular diameter had been measured, with the lunar occultation technique (Ridgway et al. [50] ) and the agreement with our predicted angular diameter led some support to our choice of the zero point. However, that comparison suffered from the relatively large error of the Cepheid angular diameter measurement.
More recently, Nordgren et al. ([44] ) have confirmed our calibrating surface brightness-colour relations from an enlarged sample of 57 giants with accurate interferometric measurements of their angular diameters. Interestingly, they find a similar scatter to ours in these relations, which probably means that intrinsic dispersion has been reached. Then, they used 59 direct interferometric diameter measurements for 3 Cepheids to compute their surface brightnesses, at the corresponding pulsation phases. From these measurements, they derived surface brightness-colour relations for the first time directly from the Cepheids themselves, and confirmed that the Cepheid surface brightnesses do indeed follow the calibrating relations obtained from stable giants and supergiants in the same colour range as Cepheids, yielding a zero point fully compatible with our previous value from stable stars (3.941 ± 0.004 vs. 3.947 ± 0.003, respectively). Subsequently, Lane et al. ([36] ) were able to go a step further and measure the angular diameter variations for 2 Cepheids, therefore allowing a measure of their distances and mean diameters independently of photometric measurements, but also confirming the adopted calibrating relations.
At the time of this review, three Cepheids have distance determinations based on interferometric measurements of their angular diameters. It is instructive to compare them to the distances derived from trigonometric parallaxes. This is done in Table 1 . In the case of δ Cep, we have used the recent HST measurement by Benedict et al. ([5] ), which supersedes the less accurate Hipparcos measurement. For ζ Gem, the trigonometric parallax comes from Hipparcos, while for η Aql we have used a weighted mean of Hipparcos and USNO measurements, as in Nordgren et al. ( [43] ). The agreement is very good, especially in the case of the accurate trigonometric measurement of δ Cep. Note that the small uncertainty associated with the interferometric distance determination of δ Cep neglects the possible systematic uncertainties introduced by the use of the surface brightness vs. colour relations. [25] ) derived a new calibration of the PL relation in V IJHK bands, based on 28 Galactic Cepheids with distances determined from the infrared surface brightness method. However, determining the slope of a linear relation from only 28 points is not very accurate, so they chose to fix the slopes to the better-determined values from LMC Cepheid samples, implicitly assuming that there is no metallicity dependence of the slopes, at least in the metallicity range bracketed by these two galaxies. More recently, we have revised the calibrating sample to 32 Galactic Cepheids (Storm et al. [54] ), using a number of additional Cepheid variables not used in our previous studies, and also using fresh data from the literature whenever they had become available. The new Cepheid distance solutions from the infrared surface brightness technique are presented in Table 7 . Reddenings were adopted from Fernie's database ( [18] , column labelled FE1). In Fig. 1 , we show one such solution for the Cepheid X Cyg which is fairly representative for our whole, updated sample of Galactic Cepheid variables. Our new Galactic Cepheid distance data confirm that the Galactic slopes of the PL relation are steeper than their LMC counterparts, in all photometric bands, as can be seen in Table 2 . The corresponding Galactic Cepheid PL relations are shown in Fig. 2 . However, there are systematic differences in the way the slopes given in Table 2 have been determined. For instance, the reddening corrections do not follow exactly the same law in Gieren et al. ( [25] ) and in the work of the OGLE team (hereafter OGLE2), and Groenewegen ([30] ). Even the definition of the reddening-free parameter W varies in the literature. In order to make things fully comparable, we have derived new LMC Cepheid PL relations in the optical (V IW ) from the published OGLE2 database, and in the infrared (JHK) from the sample kindly provided by M. Groenewegen, adopting the same reddening law as for our Galactic calibrators. For this, we have computed the values of the various coefficients R v , R i , R w , R j , R h , R k for each calibrator according to the following formulae (from Laney & Stobie [37] and Caldwell & Coulson [10] ): ) delineates the angular diameter obtained from integrating the radial velocity curve at the derived distance. Red crosses in both panels represent points which were eliminated before the fit. This is necessary because near minimum radius the existence of shock waves in the Cepheid atmosphere, and possibly other effects, do not allow a reliable calculation of the angular diameter from the photometry
R w defines the Wesenheit magnitude as:
Then, we have computed the mean value of these coefficients over our 32 Galactic calibrators, assumed to be representative for the entire Galactic Cepheid population. As the rms dispersions turned out to be small (from 0.003 in K to 0.036 in V ), we decided to adopt the same constant values for all the Cepheids. These are: 
Another possible systematic effect on PL slopes can arise from differences in the period ranges covered by the LMC and Galactic Cepheid samples. In log P , it ranges from 0.1 to 1.5 for the LMC (median 0.59), versus 0.6 to 1.6 for the Milky Way (median 1.16). However, cutting the LMC sample at 0.6 removes more than half of the OGLE2 sample. We therefore adopted the cut at log P = 0.4, as done by the OGLE2 team. We also removed a few stars which were rejected in our linear fits to finally adopt a common sample of 644 stars for V , I and W , and 447 stars with 2MASS random-phase magnitudes in J, H and K. The slopes of the corresponding PL relations derived from these samples are given in Table 2 and the LMC PL relations are shown in Fig. 3 .
Finally, we tested for the possibility that the different PL slopes seen in the LMC and Galactic Cepheid samples could actually be an artifact of our method of distance determination. The most obvious source which could produce a significant effect on the PL slope of our Galactic sample is an error in the adopted value of the p-factor used to convert the Cepheid radial velocity into pulsational velocity. With a variation of the p-factor within any reasonable limits, however, it is clearly impossible to recover the slopes, in the different bands, seen in the LMC Cepheid sample. We also tried to eliminate the most uncertain distances in our Galactic sample, which happen when there is an apparent phase shift between the angular and linear diameter variations in our solutions. Such phase shifts are seen in about one third of our Galactic Cepheids (always smaller than 5 percent) and are most likely due to a slight phase mismatch between the radial velocity curve and the photometric curves used in the analyses, which were not obtained simultaneously (see a detailed discussion of this in Gieren et al. ([24] )). Eliminating those potentially "problematic" stars did not change significantly the derived Galactic slopes. Our adopted distances are based on a bisector linear least-squares fit of the angular diameters vs. linear displacements at each phase. We also tested the effect of adopting the inverse fit (all errors assumed to be carried by the angular diameters) instead of the bisector fit, as recommmended in Gieren et al. ([24] ), without producing noticeable differences. As a result from these different exercises carried out on the data, we conclude that our adopted distances are very robust against these kinds of subtleties.
We therefore adopted two sets of zero points: the first one assumes our Galactic slopes and the second one assumes the revised LMC slopes. Results are given in Table 3 .
It appears that the choice of slope only very slightly affects the adopted zero points. This justifies to force the more accurately determined LMC slopes to our 32 Galactic calibrators, and allows a determination of the LMC distance in each band. The results are given in Table 4 .
The values in Table 4 show that the distance moduli increase when the reddening sensitivity of the band decreases. This is an annoying result, which we did not see in our 1998 paper (Gieren et al. [25] ). The main difference is that we then used a reduced sample of about 60 LMC Cepheids (OGLE results were Fig. 3 . LMC PL relations in V IW JHK bands. Note that the relations in the J, H and K bands are derived from single-phase data, which introduces an additional dispersion to the relations not present in the optical V , I and W relations which are based on accurate mean magnitudes from the OGLE2 database not available yet), among which about one half had individual reddening measurements, which yielded a mean value of E(B − V ) = 0.08, to be compared to the OGLE2 mean value for Cepheids of 0.147. We therefore tested the effect of replacing the individual OGLE2 reddenings (which are constant within each of the 84 OGLE2 sub-fields, but slightly varying from field to field) by a mean value of E(B − V ) = 0.10, as done by the HST Key Project on the Extragalactic Distance Scale (HST-KP) team. Obviously the zero points of the corresponding PL relations are modified by this change, and when combined to the Galactic zero points derived by forcing the new LMC slopes given in last column of Table 2 to the Galactic data, we get the LMC distance moduli shown in Table 5 . It is clear that the agreement among the different bands is now much better and, in fact, quite satisfactory.
We note that the HST-KP for H • determination is not fully consistent in that sense, because they use the OGLE2 PL relations, but assume at the same time a mean LMC reddening of E(B − V ) = 0.10. If we use our new LMC PL relations with E(B − V ) = 0.10 (last column of Table 2 ) and assume a LMC distance modulus of 18.50 as they did, the resulting zero points are changed and appear in Table 6 . It is seen that this introduces a significant difference in the Cepheid absolute magnitudes in the V and I bands, at a Cepheid period of 10 days.
To circumvent, or minimize the reddening problem, we prefer to exclude the V and I band results from our final determination of the distance modulus to the LMC. In fact, the W value already combines the information from V and I bands in the best possible way. We therefore take a weighted mean of the W value on one side and the infrared weighted average of J, H, K on the other side, which gives 18.541 ± 0.047 for OGLE2 reddenings and 18.563 ± 0.046 for a constant E(B − V ) = 0.10. This gives a greater weight to W which is truly reddening free, and a lower one to the infrared values which are derived only from random-phase magnitudes. The uncertainty of the mean comes from the weighted rms dispersion of the values from all the bands.
From this procedure we find, as our best adopted value, a LMC distance modulus of 18.55 ± 0.06. The uncertainty does not include the systematic uncertainty arising if the LMC and Galactic slopes are really different. In that case, the derived offset depends on the adopted period for the zero-point. If we measure the offset at the median value of the LMC sample (log P = 0.59) in place of log P = 1, the derived W modulus becomes 18.41. We are indebted to Frédéric Pont for this remark.
The Hipparcos parallaxes method
It has been common-place in the past years to present the Galactic calibration based on Hipparcos parallaxes ( [33] ) of about 200 Cepheids as discrepant from other calibrations. This probably arose from the large distance of the LMC published in the original work of Feast & Catchpole ( [15] ), µ = 18.70 ± 0.10. However, we will see that the Hipparcos calibration is not discrepant at all, and that the problem arises in the application of the Hipparcos calibration to the determination of the LMC distance.
The outstanding idea of Feast & Catchpole ( [15] ) to combine the very uncertain, but also very numerous, parallax measurements of Cepheids by Hipparcos to derive a PL relation zero point for Cepheids has been shown to be free of biases by subsequent studies (Pont [48] , Lanoix et al. [39] , Groenewegen & Oudmaijer [31] ). The last of these studies is probably the most accurate one, and generalizes the result to different photometric bands. We will adopt their zero points as the Hipparcos Galactic calibration, based on 236 Cepheids (median log P = 0.82). For details about the method, the reader is referred to the above references.
For a 10-day period Cepheid, these zero points are given in Table 6 and compared to our zero points and to the adopted zero points of the HST-KP for H • determination (Freedman et al. [22] , Macri et al. [41] , based on the original OGLE2 LMC relations and on new infrared PL relations, assuming a LMC distance modulus of 18.50). Please note that the values of the slopes and the definitions of W adopted to derive these zero points vary among these works. For comparison, the original Feast & Catchpole ( [15] ) V band zero point was −4.24 ± 0.10. Table 6 also gives the HST-KP zero points derived adopting the new OGLE2 LMC relations based on a mean reddening of E(B − V ) = 0.10. We must be cautious with the conclusions to be drawn from Table 6 : there is an apparently good agreement between the Hipparcos and the original HST-KP zero points on one hand, and between the ISB Galactic and the revised HST-KP zero points on the other hand. How is this to be interpreted? [22] ) used the originally published OGLE2 PL relations based on more than 600 Cepheids with an intercept of 14.282 ± 0.021 and a mean reddening of 0.147. The observed difference of 0.14 mag in intercepts is well explained by the difference in adopted mean reddenings (0.067 × 3.3 = 0.22) and is sufficient to make the distance moduli discrepant. Please note that Feast & Catchpole ( [15] ) also added a metallicity correction of 0.04 mag, even increasing the discrepancy.
In fact, the low accuracy of the Hipparcos zero points makes the observed difference between the Hipparcos and the ISB V zero points not significant, as can be seen in Fig. 4 which displays, for the Cepheids with the highest weights, the value of the zero point estimate 10 0.2 ρ vs. its uncertainty, together with the positions of the adopted Hipparcos and the ISB zero points. In the I band, the zero point difference is smaller, and clearly not significant if we consider the alternative value published by Lanoix et al. ( [39] ), which is −4.86 ± 0.09. Finally, there is a good agreement in W -and K-band zero points, but this is probably quite fortuitous for the same reasons. Now, the excellent agreement between the revised HST-KP and the Galactic ISB Cepheid absolute magnitudes at a 10-day period is clearly more significant thanks to the high accuracy of both results. This basically demonstrates that the HST-KP adopted LMC distance modulus of 18.50 is very nearly correct. Twenty-four of these cluster Cepheids lie in the same period range of our Galactic calibrators of the ISB technique. We have derived PL relations from these Cepheids, which are given below, and appear to be in good agreement with those derived from the ISB distances, although they are less accurate. They support the evidence that the Galactic PL slopes are somewhat steeper than the LMC ones. (17) Very recently, Turner & Burke ( [56] ) published a revised list of 46 Cepheids belonging to clusters or associations. Fifteen of these Cepheids have ISB distances in our current sample. The weighted mean of the distance moduli differences we find is not significant and amounts to: µ(ISB) − µ(ZAMS) = +0.01 ± 0.06 σ = 0.24 (18) after rejection of AQ Pup (0.79 ± 0.11 difference -we note that cluster membership of this star seems to be very uncertain). Other large differences are observed for δ Cep (0.37 ± 0.11), BB Sgr (0.49 ± 0.08), and U Car (−0.45 ± 0.05). Excluding these stars, for which the case of membership in their respective clusters/associations is not strong (see original references cited in the paper of Turner & Burke), the rms dispersion is 0.10, corresponding to 3% distance precision for each set. From this comparison, we conclude that the Cepheid distance scale based on ZAMS-fitting is consistent with the calibration from the ISB method. This may be a bit surprising given the many difficulties in the application of the ZAMS-fitting method, and the doubts shed on the method after Hipparcos.
3 What may still be wrong in the LMC distance?
Reddening effects
We have seen previously how changing the adopted reddening may change our results. By reddening we mean both the reddening values and the reddening law. There is good evidence in the literature that the LMC reddening law may differ from the Galactic one shortward of B (see, e.g., Gochermann & Schmidt-Kaler [27] ). However, this is of little concern for us. What is more important is that there is some evidence that the R v value may be lower in the LMC. Concerning the reddening values, several studies have investigated both the foreground reddening due to our Galaxy (the LMC is at −33
• galactic latitude), and the internal reddening. They show that the reddening is patchy, with large variations from a line of sight to another.
Concerning However, Girardi & Salaris ( [26] ) have shown that the RGC mean absolute magnitude depends on population effects (age and metallicity). This implies that the OGLE2 method is only valid as long as it can be assumed that the population characteristics do not change along the LMC bar.
In any case, Beaulieu et al. ([4] ) have shown that the resolution of the OGLE2 maps is not sufficient to consider their reddenings as individual values for each Cepheid, since the PL residuals in V and I correlate along the reddening line in the case of LMC, as can be seen from Fig. 5 , reproduced from their paper.
It is therefore tempting to use BV I OGLE2 measurements to derive individual reddenings, following the Dean et al. ( [13] ) precepts, adapted to the LMC metallicity as in Caldwell & Coulson ([9] ). Such measurements exist for 329 Cepheids, which is about one half of the calibrating sample. Unfortunately, the result is disappointing, because when we apply the derived individual reddenings to correct the mean V and I magnitudes, the dispersions of the PL relations increase.
Finally, some authors use period-colour (PC) relations to estimate the reddenings. This is the case for instance in the various works based on Hipparcos parallaxes. However, it is well known that the PC relations have considerable intrinsic dispersion, but as shown by Feast & Catchpole ([15] ), these over-or under-estimated reddenings compensate in part for the intrinsic width of the PL relations. But, as the Cepheid colours vary with metallicity at a given period (see below), it is important to use a PC relation adapted to the sample under study. Only 7 Hipparcos Cepheids do not have reddenings measurements in Fernie's database ( [18] ). We have therefore checked that using these individual reddenings in place of those derived from a PC relation indeed gives a similar result for the Galactic zero point in V .
As a summary from this discussion, it is clear that the reddening problem is still far from being overcome, but we believe that our current adopted procedures do minimize the influence of reddening on the LMC distance modulus derived in the previous section. Once more, the merits of using infrared bands or reddening insensitive parameters such as W are underlined.
Metallicity effects
Theoretical point of view There is a long debate in the literature on the effect metallicity may have on the PL relations in different photometric bands, both on the theoretical and observational sides. From an observer's point of view, it seems that one can always find a theory which agrees with the metallicity dependence one finds by observational tests. However, not all the theories rest on the same basis. It is well known that purely radiative stellar pulsation models predict too large pulsation amplitudes for Cepheids. Some convective transport must be added, for instance by means of the Mixing Length Theory (MLT). However, time-independent MLT cannot predict the position of the red edge of the instability strip, which needs the additional introduction of a time-dependent dissipation introduced by the eddy viscosity. But time-dependent MLT models are not successful if they are too local in space. We therefore need at least a non-local time-dependent hydrodynamic pulsation code to correctly describe the coupling of pulsation and convection.
There are not so many codes available. Some linearize the equations (Yecko et al. [62] ) while others solve the full non-linear equations (Bono & Stellingwerf [6] , Feuchtinger [19] )). It seems that their results concerning metallicity dependences basically agree. The fact that they disagree with predictions of models based on purely radiative pulsation codes which neglect the coupling of pulsation with convection (Saio & Gautschy [51] , Alibert et al. [1] ) seems to us an effect of these simplifications. We will therefore basically follow the predictions of the full-amplitude (non-linear) models including a non-local and time-dependent treatment of stellar convection from Bono et al. ( [7] ). But we are aware that these models depend on a number of not well constrained parameters, the adopted values of which may change the predictions to a significant level (see Figs. 12 and 13 in Yecko et al. [62] ).
These models first predict that at a given metallicity (Y and Z fixed), the width of the instability strip changes from low-to high-mass Cepheids, therefore invalidating older model predictions, which assumed that the red edge was parallel to the blue edge. Now, for a given Cepheid mass (and therefore luminosity), an increase in Z (and Y) shifts the instability strip towards cooler effective temperatures, due to a decrease in the pulsation destabilization caused by the hydrogen ionization region; therefore, at a fixed period and assuming a uniformly populated instability strip, metal-poor pulsators are more luminous than metal-rich ones.
However, this prediction for bolometric magnitudes does not necessarily apply to all photometric bands, and differences in the adopted atmosphere models may generate differences in the magnitude of the effect for a given band. Bono et al. ([8] ) find that the dependence on metallicity is increased in the V band, due to the dependence of the bolometric correction on effective temperature, while it is smaller in the K band. But the effect is still that metal-poor pulsators are more luminous than metal-rich ones, when absolute magnitudes are derived from a PL relation. However, metallicity also affects colours, and an increase in Z at fixed period gives redder B − V and V − K colours. When using a PLC relation to derive the absolute magnitudes, both effects must be taken into account, and at fixed period and colour, metal-poor pulsators are still slightly more luminous in K but less luminous in V than metal-rich ones.
This theoretical model also predicts that the slopes of the PL relation vary with metallicity, in the sense that an increase in Z produces shallower slopes in the V and K bands, the effect being smaller in K. We observe the opposite effect. Also, the slopes of the PC relations (B − V and V − K) are predicted to steepen when Z increases.
Observational point of view On the observational side, let us start with differential studies. By this, we mean studies in different regions of a given galaxy showing a spatial variation in metallicity, to assess magnitude differences, at a given period, due to the variation of metallicity. The pioneering work of Freedman & Madore ( [21] ) compared Cepheids in three fields of M 31 at different galactocentric distances; it led to unconclusive results, varying from no significant metallicity effect according to the original authors to large effects according to Gould's re-analysis ( [29] ). A more accurate study was conducted in M 101 by Kennicutt et al. ([34] ) who compared the derived distance moduli for 2 fields, located at different radial distances from the center of the galaxy having a difference of 0.7 dex in nebular [O/H]. They found some effect in the sense that distances to metal-rich galaxies are underestimated when derived by using the LMC Cepheid PL relation, but the share of effect between V and I bands is not specified.
In the same spirit, we have observed the Sculptor Group spiral NGC 300 in B, V and I and discovered about 120 Cepheids, well distributed all over the galaxy (Pietrzyński et al. [47] ). By measuring the stellar metallicity in different regions from B and A supergiants spectra, we plan to measure any differential effect due to metallicity. This work is in progress, and we believe that this will provide the as yet most stringent observational test on the metallicity sensitivity of the Cepheid PL relation. We have also observed outer disc Cepheids of our own galaxy (Pont et al. [49] ), with the hope that the metallicity difference to the solar region would mimic the metallicity difference to the LMC. It appears, however, that the metallicity range only reaches the typical LMC metallicity ([Fe/H] ∼ −0.3) at about 14 kpc, where very few Cepheids are known (Luck et al. [40] ). This makes evidencing metallicity effects in our own galaxy a difficult task. The task could seem easier when comparing Galactic to SMC Cepheids, as recently shown by Storm et al. ([54] ), but here again disentangling metallicity effects from uncertain reddenings for SMC stars, depth and ridge line effects for such a small sample (5 stars) is quite a challenge.
Another approach was pioneered by Beaulieu et al. ([3] ) and Sasselov et al. ( [52] ) in the Magellanic Clouds for V and I bands, and generalized by Kochanek ([35] ) to 17 galaxies in U BV RIJHK bands. From an analysis of 481 Cepheids detected by the EROS microlensing experiment in the LMC and SMC, and assuming that the slopes of the PL relations do not depend on metallicity, Beaulieu and Sasselov found that an SMC Cepheid is less luminous than a LMC Cepheid of same period by 0.06 mag in the blue EROS band (intermediate between Johnson B and V ) but more luminous by 0.01 mag in the red EROS band (intermediate between Cousins R and I). The net effect is to overestimate the SMC distance modulus by 0.14 mag. Kochanek finds that metal-poor pulsators are more luminous than metal-rich ones in U and B, but less luminous in V IJHK, with the difference increasing with the wavelength. These studies then translate the metallicity dependence into a distance modulus variation per dex of [Fe/H], but nothing proves so far that such a dependence is linear.
Finally, Udalski et al. ([59] presented recently an analysis of PL relations in IC 1613, a galaxy of even lower metallicity than the SMC ([Fe/H] ∼ −1.0), and showed that the slopes of the V and I relations were not significantly different from those found in the LMC, giving a strong observational hint that the slopes do not depend on metallicity, at least in the range −1.0 to −0.3 in [Fe/H]. They also argue that the zero points do not depend on metallicity, but this relies on comparison with other distance indicators which themselves depend upon metallicity, so this result currently lies on less stable grounds.
From all these theoretical and observational results on the metallicity effect on Cepheid absolute magnitudes currently available, it is our impression that if a metallicity dependence of the PL relations exists, it should be small, its sign is currently not well defined and may depend on the photometric band, and it may not be a linear function of [Fe/H].
Consequence for other distance indicators
At the time of this writing, no distance indicator can claim to be so accurate that other distance indicators become unnecessary. All distance indicators suffer, to some extent, from systematic uncertainties and the best way to constrain the Extragalactic Distance Scale seems to compare the results of various distance indicators for which previous work has shown that they provide relatively accurate measures of distances.
It is not the purpose of this review to compare in detail the calibrations of all the most promising distance indicators. Other review papers in this book deal with them. We just want to find out what our preferred Cepheid PL relation derived in this paper predicts for several other of the most common distance indicators.
For this purpose, we only need to know the difference in magnitude between a Cepheid of 10-day pulsation period and the following other distance indicators: Tip of the Red Giant Branch magnitude (TRGB), Red Giant Clump mean magnitude (RGC), and RR Lyrae magnitude. We adopt the following values of differences from Udalski ([57] ), based on several nearby galaxies and his adopted corrections for different metallicities: From these differences and the Galactic ISB zero points from Table 3 , it is easy to predict expected values for other distance indicators. Our current Cepheid calibration corresponds to: 
We leave to others the discussion of the importance of population effects on these differences to determine which precise value should be applied in any case, and the comparison of our predicted values to the range of published values in the literature. We just want to note the very good agreement with the RR Lyrae mean V magnitude presented at this conference by C. Cacciari and G. 
Conclusions
We have used the infrared surface brightness technique to obtain a new absolute calibration of the Cepheid PL relation in optical and near-infrared bands from improved data on Galactic stars. The infrared surface brightness distances to the Galactic variables are consistent with direct interferometric Cepheid distance measurements, and with the PL calibration coming from Hipparcos parallaxes of nearby Cepheids, but are more accurate than these determinations. We find that in all bands, the Galactic Cepheid PL relation appears to be slightly, but significantly steeper than the corresponding relation defined by the LMC Cepheids. This systematic difference has recently been confirmed by Tammann et al. ([55] ) and could be a signature of a metallicity effect on the slope of the PL relation. Since the slope of our LMC Cepheid sample is clearly better defined than the one of the much smaller Galactic sample, we fit the LMC slopes to our Galactic calibrating Cepheid sample (which introduces only a small uncertainty) to obtain our final, adopted and improved absolute calibrations of the Cepheid PL relations in the V IW JHK bands. Comparing the absolute magnitudes of 10-day period Cepheids in both galaxies which are only slightly affected by the different Galactic and LMC slopes of the PL relation, we derive values for the LMC distance modulus in all these bands which can be made to agree extremely well under reasonable assumptions for both, the reddening law, and the adopted reddenings of the LMC Cepheids. However, reddening remains an important and not satisfactorily resolved issue, and in order to obtain a LMC distance determination as independent of reddening as possible, we adopt as our final result a weighted mean of the values coming from the reddening-insensitive Wesenheit magnitude, and those derived from the near-infrared bands. This yields, as our current best estimate from Cepheid variables, a LMC distance modulus of 18.55 ± 0.06.
A discussion of the effect of metallicity on Cepheid absolute magnitudes as provided by both, existing empirical and theoretical evidence makes us conclude that at the present time, it seems likely that there is some metallicity dependence of the PL relation, of small size, whose sign is not clear, and whose size may depend on the photometric band. It may also be a non-linear function of metallicity, with some indication that the metallicity effect on the Cepheid PL relation does not change basically between very low and LMC metallicities, but that the slope of the metallicity dependence may steepen when going from LMC to solar abundances. Clearly, more work from both theory and, particularly, from the observational side has to be done to improve the constraints on the metallicity effect. Until this is achieved, it may be the best choice to use our current, Galactic calibration in applications to the distance measurement of Cepheids in solar metallicity galaxies. Thanks to its accuracy provided by the infrared surface brightness technique, the Galactic calibration is now a true alternative to using the LMC calibration, with the added benefit of minimizing metallicity-related effects when studying Cepheid samples in metal-rich spiral galaxies. 
